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imxm i ] 

«B5ttffl»3&<ft»*n*tJ80*iB%. T i 0 2 43 <fc If / £ fc « S i 0 2 ^Itt$tt5 

e> * 3 73 ffi o 
C»*« 2 ] 

3 ] 

[MS* 4 ] 

BuESS^I©^^S|5^©»7Ljb^ 2-5 0 nmOHJ3iJf'>S:< i: 1 n mOSJ^W 
■T«»?L*»64««i2:*Wai:-rsill*Jg3lH«0^ffio 
5 ] 

« 4 I S « ID 73 S o 
6] 

[»M 7 ] 

4 $ 5 ts m © 15 m o 
cm** s ] 

a) T i 0 2 , S i 0 2 3: ft « T i 0 2 -S i 0 2 V )l> * US! t % It I 

b ) i>/;^M?t5ii ; 

c) tt*S*lSMlC» Iga) Kfel^TSHSISfU OOTIgb) K 43 ^ T 3» 

o Ttt«cfTft totisig ; 

d ) igc) <D&m&mmw*& y;wcg«f 5 c ^ t ± TtTft^n^^^, iiii 
f) &Micm&Mmmzmwt sis ; 

h) lI«±0»IftA'ISbl/^^, S$ L^a©S«»®M*ff 3fc&fc£«IIk '> 

ft< itiiic) 43 <t tf d ) £ , iftfficiga) fr£ g ) ov»rn*»*tii*)ifiri 
s ; 43 * tf 

j) tiiWitfiinsiu^iciai^iffltsii 

3&»6ft*Ci:*»*4:-r4ai**U 2, 3, 4, 5, 6*fttt7EtOSa. 
[MM 9 ] 

BuE'/;l>3b^ T I O, 1 /*. S i 0 2 Vfo, 43 i T i 0 2 - S i 0 2 6 ft -5 » 6^ 6 51 

#?2tt5C££#®£f3HM8fE«©7jffi = 
[|f*« 1 0 ] 
tufE V;l/©Hfgtf , 

i) fh7^y^DK* t;H<f ^^.-H i ( (CHj) 2 CHO) 4 43J:tf/Sftt±-r 
h^xf ;l/^;l/hi/>n-h^i^7-;U:gitSIi; 

ii) X^U>^»;a-;l/ tyif;H-T;l/ (C 2 H 5 OCH 2 CH 2 OH) , Itt * > 7k 
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iii) is i ) fcitfii) r*m<z>nrz%m%m&L. ov»T»ffi*fcR«-&tt*ab*«e!* 
imxm i 1 1 

tt E */ Jl/ < Igc) © RS , - 1 0 - + 2 0 t , »$L<tt-5~+5*C, |t»IL< 
«-2~+2^©ftMg^fc-5<:££ ! f#®i:-t51»#JS8, 9 £ fc 14 1 OEIOJI. 
CW*« 1 2 ] 

I S a ) £ 33 V T m Si S tl fc ^ ;U # , X S b ) K 43 (,> T 1 # ~ 1 0 BS> 

4 8mmmf&ztiz>z. t*¥i®£? z>m&&8 , 9 , 1 otitiii iebcjs. 

[H*S 13] 10 

K *5 f T M V ;V S> 0 . 0 1mm/s~10mm/s©MfiT*, !fH((iO. 1mm/ 
s~l. 0 mm/ s ©jifiT'§lt±tf ?»nS C i:#SJ^T5W*3l8 , 9. 10, 11$ 

1 4 ] 

W E £ ffi # , lie) (Cfc^T 2 0 - 6 3 Ot©iSaT\ ffH<H30~45t 1 90 
- 1 6 0 °C, £ fctt 2 5 0-6 3 OtOiSIt', ijffll? tX5 c t t 5 I^S 8 

,9, 10, 11, 1 2lftlil 
[R#St 1 5 ] 

lie) tcts if zm&mtK o. 1 #~ 1 oai, l < a 1 f*~ 1 o rim, 20 

L < « 1 #~ 1 Bf IBfr 4btl5 C i: T 8 , 9, 10, 11, 12, 13 

ttciti 4 E m (o 15 m o 

16] 

Mi2$fflM, Iif) Cfc^T, SfStct^tffiilJnSi: tttftm 1 1-511*98 
,9, 10, 11, 12, 13, 1 4168 1 
[«*« 1 7 ] 

a ) lifts^istsii ; 

b) ?gft?s ilfeitf/lftiiT i «*, iia) £*5i/>Tg39a2 nft««(*«K*io-r 
sis ; 

c) «iti^#i^nsii^ iib) Kfc^Tfi&ftfcfi£to*«»2«*is-efc 30 

lf/$ftttT i 0 2 I«i>5«Ift*«i?^5Ii; *5<ktf 
e ) K*if *ttfiMtt*tffl£ n3 t c S^MT 511 
6* * t SI 1 , 2, 3, 4, 5, 6Sft(i7E«osa„ 

iffi&m i 8 ] 

MiE S i 8i#, 4ftffitt*5^Sfe«!/;b-y;i/iiK«t»JH»*nfcS i OjT-SSlJ: 
[M*9 l 9 ] 

1 8 a ) <D i?u M ft( ft $ , 4**fcttlT^S»ilJu JftBfttflpH, l4b^pH7. 40 
2-7. 4K««{ttfc»«-P**Ci:*^«i:r4BI*3m 7 *fctt 1 8fB«©73!*o 
[fS#« 2 0 ] 

M M ft $ # , 1. 0-1. 5mM<DMg 2 \ 1. 6-2. 5 m M <D C a 2 \ 10 3- 
147. 8mMOC 1", l3j:&'4. 2 - 2 7 mHOH C Oj'Sdtf* S B F 765 C 

t^iittSif^l 7, 18Sftttl9EiOJS. 
[flt$« 2 1 ] 

ttMfctt»TS*i**j£<&»*tf-0*ffijb<, t i o 2 & 4. if / £ ft « s i o 2 $itn:t^ 

If fro 

[»*9 2 2] 50 
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:m#.m 23] 

ffimmmVS(D i &mi®ft<DM1l£>K 2-5 O nnKDlIfi < tlf'>S< £ fc l n m<D^^£;e^ 
1-£*ift;b>5>&.5^:i:£^#^8i:-tSff5l<S2 2 12 « <0 £ M fr 0 
2 4] 1 

(u 1 2 ffi a ft t\ 

a) T i 0 2 , S i 0 2 * a T i 0 2 -S i Ogl/^^WSIfiXa: 

b) tt«KK!/;I/*»*«**xa : 

c) mmmifittmnti&&WK.. iia) K^rnssn, o^r-xgb) icfc^m 10 

^TttSKlrSbnsiS; 

d) iic) 0^#Mffi*Kvoi/fc«»*scfcfcj:-3TfT*fensJi-&* & » * ® 

e) £Xlcffi£0i*n. ISSlII^lIlTSli; 

f) tt«cK»a«is*ift»"r*xa; 

4<ttiic) fei tf d ) * % *fcff*Kxaa) ^e»g) ©^-rn^^tjs^jg-rx 

g 20 

2 5 ] 

a ) gft!&$£i3§yT3xg ; 

b) il^, Iia) CfeVTHK^nfeSffilftSKSSiPf 5lg : 

c) nsaiBfc^ iib) t fc^Tffs nfcii£fa*a«!S#*xgT?fc • 

■3 T x &8tt#Mfc&Sffi*Kfi£fcKa»-r3CfcK£oTfTfctoftSXg: «fc tf 

d) MtE#8©*ffi±lc»»fc J: tf/* tclZnikMZ tlZ> <fc 5 lc, &8?S i 0 2 «#frS> 

Mi^ll^tsig 30 

*»6**3Ertt-*ffl^Tf#5ftS«li:*1#afr*iS*«2 1 > 2 2f;fcfc»:2 3f2«<Df£ffi 

fro 

[R«« 2 6 ] 

T i 0 2 , S i 0 2 > SfcttT i 0 2 feJ;I>*S i O 2 % ** M *- * £-?Ltt* MStt'N © 
[H*« 2 7 ] 

wis 5 o n m*ffi<Dmm*G? zmiLfrzizz c tzftmt? zm#iR2 6 12 

[ it # « 2 8 ] 

KlK*ni*©&affl5#0»?Ltf s 2-5 0nm(0li»J:(f'>4<tfel nmOSS4f 40 
T«ffl?L^6 4Scii:*^a4:-rsi8*«2 7 f 2 IS <D ffi ffl - 
2 9 ] 

$ tt 2 8 §2 tt © {£ ffi o 

[ is * « 3 0 ] 

a) T i 0 2 , S i 0 2 3: ti T i 0 2 -S i 0; i ;;^ISt^Ig ; 

b) flES £ E V Jb * » Jfi £ « * X g : 

c) nsaaifc* iia) Kfc^TMiistu o^T-xgb) k*^tjr 50 
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ja«nfcK'>;i/%»jB*-&*ie-e*oT, m m m # e s k « s ^ ® * m v ^ c a « -r s 

d) lie) o»tt*<KaiB*K^;Hc»air* c o Tff 

e) tttEBffOI^B, iili^iaitsii; 

f) tttKRtlSStftilt*ii; 

g) &micmw.mmm*&miE-£ ; 

5<niic) * * tf d ) * , tfcffimtcxsa) *» 6 g ) o^rnfr*feiiDiKri 

8 10 

fi-*«[ifif*fci&0ll|3fcJS2 6, 2 7, 2 8 $fttt2 9E«0«H, 
3 1 ] 

ME'/^tf, T t o 2 i/;W S 1 0 2 VOW fe«fc tf T i 0 2 - S i 0 2 vOl/fr 5 fc SSfr 

cum 3 2 ] 

Su IB '/^Olltf, 

i) rh^^y^oe^ t^hf n-H i ( (CHj) 2 C H 0 ) < *5 £ / £ fc «: r 

ii) If Vy^ijD- ;l/ €/If;l/X-f^ (C 2 H 5 OCH 2 CH 2 OH) , flft ^ * > 7j< 20 

iii) hi) t5<tt>*ii) ?n&nftjiitti«i, o^Tfffsiiiiiii^tofca&gttfcSi 

*64«ci:*W«i:"r*ll**3 0Jft83 l f B ft © {£ ffl <> 

3 3 ] 

suiB 18c) OH, - 1 0 ~ + 2 0 ^C, »H<tt-5~+5t > S t S? I: L < 

« - 2 ~ + 2 *C ©ft iPSfiT' £5 C £ £ W « k "T 4 B * 2 6 , 27, 28, 29, 30 
, 3 1 $ fc tt 3 2 IB fc O ffi ffl = 
[»*I3 4 ] 

I S a ) K^^TlSfnft^tf, I§b) E *5 ^ T 1 % ~ 1 OHH, » £ L < It 1 B# 30 

4 8 B$P^ JSftjSS n 3 C £ k T SffM 2 6 , 27, 28, 29, 30, 31, 

32iftli33E80ffi| ( 
[ffl 3£W 3 5 ] 

MlESiffitf, Igc) tfcv^t > /;K:IIJt5Li:(cj:oTiy;l'EglttSn, lid 
) K * V T V ;l/ 6> 0 . 01mra/s~10mm/s©3lT, 8tL<ttO. 1mm/ 
s~l. Omm/s©lST§lf ±lf 5>n5Li:5:#itt?.i«9 2 6 , 2 7, 2 8, 
29, 30, 3 1, 32, 3 3 Sfc«3 4lHlOfffl 0 
3 6 ] 

MIBSffitf, He) Cfel>T2 0~6 3 OtOiStf, $? $ L < £ 3 0 ~ 4 5 *C , 90 
-1 60t, if;ti 2 5 0 ~ 6 3 0 "COgffiT', SIM 2 ft 5 c tZftmt ? 2 40 

6, 27, 28, 29, 30, 31, 32, 33, 3 4 $ 7c £3 5 !B «©<££§<> 
3 7 ] 

IS e ) £&tt«MA9tf , 0 . 1 #~ 1 0 0 Ms £ L < Si 1 S>~ 1 0 Bf K, « fc » $ 
L<f*i#~iBf|lSfT&fc>ft3uk*1#@i:-r3li;£JS2 6, 27, 28, 29, 30, 
31, 32, 33, 34, 3 5£7cl-£3 6fE€<0$fl3o 
[»*S3 8 ] 

6, 27, 28, 29, 30, 31, 32, 33, 34, 35, 3 6 S fttt 3 7 ISfOf 

[ m # m 3 9 ] so 
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b) mm s i mts & xt/z tcit t i m*. iia) Kts^mmz tirzMMwmic&bn? 
d) fui2««<Dgffi±tc®«t3<fc tf/^ fctisaig^ <t 3 k» mms i o 2 a#fc<fc 

fcJ6©IS5t<a 2 6 , 2 7 , 2 8 Sfttt 2 9 EiOlMIftiD®I„ 10 
[«*« 4 0 ] 

Mies iuw. £#%&js 5 tc&v >i - ? )imiz & k> mgiz ntc s \ o 2 x*tb%zt 

[»*« 4 1 ] 

X@a) ©Mftffitf, tt®tc{UT^3ig?&, $fc«ft?£© p H, f & fc> "6 p H 7 . 2- 
7. 4t«ifftLfc»«-efe«ci:*^ai:-r*i»*S3 9 3: fc » 4 0 12 §<©$«<, 

■:i*S4 2 ] 

WE * M ft , 1. 0 - 1 . 5mM<DMg ! \ 1. 6-2. 5mMOCa ! \ 103- 
14 7. 8mMOC 1 \ *itf4. 2 ~ 2 7 mM©H C 0 3 '* ttt 5 S B F T'S5 C 
fc*«f*i:-r«»**39, 40*fett4lE«©fl!ffl. 20 

[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

«4 (bone bonding) Z 2fr « f S fc 46 £ , ^<0^<D$Ij&ltf 

ia?tiT^5, H&liftlc fti^T, tFDti'7^^F (HA) n - f A > 9 It \ # 

[ 0 0 0 3 ] 

$e&» <fc t> tt 5 frClST* £ 5 0 S£ US & li (connective tissue capsule) It . ffl 
»*IStifc«fiOM?) K»B©M»c«jS-rs. MOiJIi, S IS***} ft «fc V 0 & © 

®t<DM<Dmmm%m&it. ^<?*«oiis* ( fc * * a . mmm®mK. * - ^ - u 

(canyls) , X x > h . fl- B S tf y (external fixation pins) ) \C M ffl T* & 5 „ 4" B £ 

[ 58 W © H w ] 
[ 0 0 0 4 ] 

[ 0 0 0 5 ] 

o 

[ 0 0 0 6 ] 

2 ft £ r//$ & s i o 2 *«*icMT*£?Ltt*ii*b©tt;B*«#i-*<: fc-e**. so 
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[ 0 0 0 7 ] 

«• n<DB.w*. t i o 2 fc*tf/$fctts i o^Mfcs-wt s&s 

[ 0 0 0 8 ] 

% 5 nciiicui, *^B^a s ttMtttasfta^SoMfroSffitf* T iO 
2 i5<fctf/$fcB S i 0 2 «StK:^§t5^?LttiMl?3-h?nft^ifrK:Ht5. 
[ 0 0 0 9 ] 

»30JaffifcJ:4i:, * f£ BJ! « > T i 0 2 , S i 0 2 , SfctiT i 0 2 *5 £ S i 0 2 *fS 

[fg0J£*8S-f£fci6£>»&©JB«U 
[0010] 

[0011] 

*.tf&T*J itffiflOtt^ffiML »#»tt£ffl«, ±J&, 6ff Kttgfilt* 

[0012] 

[0013] 

rTio,i5J:tf/*fetts i o^fgtc^ttstiij £ ^ 3 w a « > tt n ft © & £ 

# T i 0 2 te*tf/$fettS i O z TS5i:t51St§o ft S! IC tt , $&&©££ 
©5 0M%«±#T i 0 2 *±tf/$fcttS i O 2 T* & S o * L < ft , % S © ffl $ © 
7 0li%ttlffT i O 2 33 <fc / $ ft «: S i Ojt'S^ it!f f L < !i 9 Oll%ttl 

[0014] 

o 

[0015] 
[0016] 

jits rffl^^pgj mf£m?L®vti(o»o>&&KttLTM®¥®Kmm&te&&mf$.ftij i 

[0017] 

*ffi«tffcf»*ft***»©*Ii*, T l-0 2 feitf/*fcttS i 0 2 (SftttS 

58 H8 fc » L T If # S LIS HSWKlt* giSSlH 5 0 n m*lOllfeitf/J ft 
tig T S«3?L%#*f -So #2:L<«, 15 IS % © & giSP # © ID 7L It , 2-5 On 

mOi£g*J:tf4>4<i:t>l nmO!)jS**W1-*lffl?L3&«6*5o &H2mS#S«, AS 
W K ft ^ * - A , - ■fe55v*4B*tf*Uv-*t»ft6tfK*n6<Dli*to 
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[0018] 

a) T i 0 2 , S i 0 2 ffc«T i 0 2 - S i Oz^/b^iSIt Sit : 
b ) i'/il/^lsES^SIi; 

c) tt&tttftt** nssffitCv iia) las^rmmz n, o^?iib) k*^tj» 
oTftScff&bnsii ; 

d) lie) ©»*4<KaBB*K»/;I/fc if «f 5 c i: K <t o TlTftbnsi^, flii 
* f# S fc 46 ic , ffi£©.5Ig?Sk!/;l/fr&gt«ig*5l#±tfSXg: 

e ) ff«em*0i*iBL KfcMffifcifiiaa-rsis ; 10 

f) ffi.«tc^»a8s>&}5fe!f r sit ; 

g) gfiK:Sk*s»iii*£«*-fraig ; 

ft<Hlgc) fc «fc tf d ) £ , Sfcffi«fcXga) *6g) ©V^Tn^%fcS6t))I-rX 

j) «e«{*»«<a*n* t c zKm&w*mmt sxi 

[0019] 

MlEV^Wi T i 0 2 X /;K S i 0 2 */>H3*tf/*fctt T i 0 2 - S i 0 2 */;l/T*£ 0 5 0 
m V A> <D 33 £1 ti , (i)x^/-;l/tu,7 L h'5-ry^ , P^;l/ *;H**-#*-Mi(( 20 
CHj) 2 CHO) ( fc-iD?/^fcafh7if;^;H-v"J^-h5git5ii; (ii) 
x £ / - ;l/ K , if tyx^;l/x--r;b (C 2 H 5 OCH 2 CH 2 OH) , 

BH^*>7.k, *±tfffiK$fcH:5BK*}Slj?-rSlS : (ill) 16 ( i ) * «fc If (ii) T? 

[ 0 0 2 0 ] 

MfB vOWi , Igc) OS, ftlWKIi- 1 0~+2 0t> jfH<li-5~+5t, is 
«fctf«fcJff£L<li-2~+2T:©#S]iBfiT?**o Ila) K::te^TPlll«nfc!/;H4 
, lib) tfi^Tift-iOBIS, !fiL<(ii~48«M«?n5. ilili, X 
Sc) fcfc^TR*/*K»»T* c fcfc*-3T&y;Pfc»tt«*u iI3?> lid) fcfcv^ 

0. 0 1mm/s~l Omm/s, »H<ao. ; lmm/s~l. 0 m 30 

© fi <D ¥ IS K i r> X ft tz o Lt^T-SS. 
[ 0 0 2 1 ] 

MI2affi{±, IIStfHCte* lie) Cfet^T 2 0 - 6 3 OtOgfifSiMI^n, & L fc 

~i6oici3±tf25o~63oic-efe*. mMvnmmMte. sfts-e-sefctf-e* 

5, Xie) KfcttSMSti* ftgWKtt 0 . 1#~10BW, L < « 1 #~ 1 0 

iD»H<li 1 #~ l HfM'ft * fc> n £ 0 Jfcffla'fflStfW fttf Bf ^ tt H , * $ M 40 

[ 0 0 2 2 ] 

»6*i**8l«tt» ftHfttcfctXif) C*v^T«c»*n, »H<li. 

f? % t> n & o 

[ 0 0 2 3 ] 

a) Sftlftft (simulated body fluid) £ tH §y T S X i : 

b) itft? S iSfcitf/SfcBT 1 »*x X® a ) C^^THS^nfcMffitftSEK^to-r 

sii ; 

c) «tsi^Mi?ns$9(c< xib) K*si/'»T»&nfcg£tt*aii4«-&*iSTfc 50 
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7T, BaMtfttBfcEaffifcES^tofcfia-rscfcKioTfTfcfcftSlg; 

d) Wia«fiO«S±KK«43 J: tf/SfettHttifiaf n*± 5 K, i 0 2 »#*5<fc 
tf/S fc tt T i 0 2 S#A^6««»%»ia«-&SlS:fe«fctf 

e) tt&JRttfttfaSftS 2: £ £^K£iS£aA!-r«X& 

[ 0 0 2 4 ] 

maw* s i sii. tftjsttif^xsftii'/A-y^aicj: oasstifc s i o 2 (soi-g 

el derived Si0 2 ) X' & 5 . IS a ) ®M&$t±> ft $ £ Gl T ^* $ ffi , $fc&ft$(D 
pH, t4fc.^pH7. 2-7. 4 tcmVsik Lft^it'S^. 
[ 0 0 2 5 ] 

»H^I«ftl (SBF) li, NaCU NaHCOj, KC 1, K 2 H P O < • 3 H 2 O 
, MgC 1 2 • 6 H 2 O , CaC 1 2 • 2H 2 0fcJ:t>*Na 2 S0 4 ©ISSffl^p a p*fltt^^>'7j< 

©^t>II^affit5(tiSf)ll«»*SlLt^5 : 1 4 2. 0 mM N a\ 5. 
0 mM K\ 1. 5 mM Mg 2 \ 2. 5 mM Ca 2 \ 14 7. 8 mM C 1", 
4. 2 mM HCO,", 1. 0 mM H P O < 2 " 33 <t 0 . 5 mM SO/', 
[ 0 0 2 6 ] 

I(Hfti©ISat)f ^iC^fttf l>. tztZtf. 1 . 0 ~ 1 . 5 m M O M g 2 \ 1 . 6 
~2. 5 m M ® C a 2 \ 1 03-1 47. 8 mM(DC 1 'fcitf/Sftli 4 . 2~27m 
MOHC0 3 "*^St)l5 c 
[ 0 0 2 7 ] 

ftffl«S'\#SI*n5^STffe*9«frO*a*, T i O 2 *3 i XS/t-tz 
It S i 0 2 *»*l*Kd*t4*B»-P3-hSnftR»i)i*aftt8. ftlWKtt. 
S«ffl%H5 0nm*S8Oil[S*#-rS«B?L^6ft»)» »f L<iJ, g[»B«)©&£6B# 
<9 ffl ?L fi , 2-5 0 nmOtlt5i&';J>%< 1 n mOl?^tt5ia* , 5>4 5o tt 

, -fe = -V ^ *s <t # 'j v - # sft, ft&tffc*n6oi^fo'efr5*58*»&a&«ft* 

o 

[ 0 0 2 8 ] 

a) T i 0 2 , Si 0 2 $ftttT i 0 2 -S i Oji/^SHStSIi ; 

b) .RvOI/*tt*K:5Rdc2rtf*xg; 

c) (t&l^^tjfnSXilC, IS a) K4BVT>l8!£fU O^fllb) K*^T)» 
oTtti£fr4t>niIi : 

d) lie) ©KSiA'IIffiSI'/yHciti: fcic £ Tff&fcttfci§£, MSffi^ 

fsciifiy^i^iii^?! *±»f *ia ; 

e) ttlcfgoifiB, Siai^MIt 511 ; 

f) ffilcltliB^SiftSli ; 

g) gft££tt9£iii«£jl?-&3xg ; & ± tf 

h) 1 IWlOSIitfiJL^I^v MS L^a<0«BI«O»*g 5 fc»K:£»IIK '> 
4(tt,Iic) 43 J: tf d ) I: fcftgicxg a ) *6g) C^fnfr4feS9ItI 

a 

[ 0 0 2 9 ] 

a ) ft<utt«*iisi-r sis ; 

b) mms i§a) E&^TiiaistifcKtitttticsfti-r 511 ; 

c) ftt§«#fif»;Sn*MK:, lib) C43^T#6tlfc«d**»««*«ia-P* 
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r>T, K8M#ttSKK«iB*8fi£tofca»*5Ci:K:J:oTfTfcfcft$Ig; toZTf 
d) WfBtffi©*lS±K»Jife±tf/*fcttSa:«*n* J: 3 tc, SMS i 0 2 S#fr€. 

fr£>£5:£j£*JB^Tf§P>ft?>o 
[ 0 0 3 0 ] 

)iO«iii»ai»KaffiT?**»ffiK:ov'»T» fu IE K fc ^ T £ II £ ft fc & © i: If? C T* & S 0 
[ 0 0 3 1 ] 

*f2Bl!«S&e, 18E«ato^®fcfi«tt»©fca®»ttfr*«ifir *fc«>®, T i o 2 
, Si0 2l SfettT i 0 2 fcJ:tf S i 0 2 %llCttt 10 
o »i«Ktt, Klllli, 5 0 nm*l<Dii*#t*I?Lfr6a:!), »^L<«, IS 
21 S3#£>iffl7Ui* 2~5 0 nmOjUHoitf^^ t 1 nmOSS4|t5 

HBjL^^fts. Ka£fts»«K-<o#8tt. mwcaf ^--5 a, ^ ^ / - ;k -b^s 

•y * & <t tf X V v - ft ft, $/ittfn^©i^l3*T'35«o 
[ 0 0 3 2 ] 

MC*i>TafliT»**»a*J:tf/Sfet4»«Wr*1B«Hi:ov>Tx bu 12 fc v T 5E 8 £ ft 
fc fc <D i: m U T & 3 o 
[ 0 0 3 3 ] 

L Tc W o T , * « K tt ft K , tctZ.l£, t^Sfi'Sftfi^UV-ffSoaijjH 20 

KBtitCT*!), T i 0 2 *5 ± tf /tfctt S i 0 2 ^ItCtWt5«I»^^lt«; 

Rrifcte-r*. t i o 2 ^itf/tftBs i OjSSftooH-iii, fcfc*if, 
» cntt±^fflifi^«ii«dt»i:e*»si:©ntissi-r5©%i»<'s i oHSfeST i 

ffilT'f 5„ &aft«, ««8?i£*frfc3 fc«>fc«JBT#S. 
[ 0 0 3 4 ] 30 
, //l'-f;HS3-f -f (a sol-gel dip-coating method) », & It # © * ffi IC ±| 

-ft£a£#igtt»aft*tt4*-*fca© l oo^ffiTfc'*,, £©£8ifc:J:oT» MH 
ffc-fe 5 5 «y * « , 3B^F« 4 /**J:tf#!J7-';**5MT**. ffttt, # 6 ft * 

*-;I/©jaffi»ai¥fc itffiSffcfi) a, u-if-»aoj»»tic <fc o T JH ffi tt fc S ft T* * 
5. 

[ 0 0 3 5 ] 40 

*«'«!«: RfflXO^Hi, f;: i: Atf ± Si # , TSt, ft, «*, 5, ft, H 

S$ 31 H # tfl £ ft (tissue guiding membranes bone augmentation materials) , JSlJ§ 
[ 0 0 3 6 ] 

«*i8ii«jfflBa<DJSstc^ffi«ftssag®*/-c{ifflaix^ss*©Ma 

[ 0 0 3 7 ] 

*»IJltt* £»¥ttfcflFSU»S£»» 1-fcfc1S#fttffc: b&£0ti9LftftlCgtt£ftS 50 



(11) . • JP 2004-528109 A 2004.9.16 



KZVmmZtltcl i 0 2 * fctt S i 0 2 «l»*««t«. »H<li, R*J8« T i O 

K £ 9 TttMT £ So 
[ 0 0 3 8 ] 

^SiOMIiiti^ fc i: 3.ffJWT©<fc o KfEfiTt 5 (Peltola, Timo: Nanoscale Dimen 
sions and In Vitro Calcium Phosphate Formation: Studies on Sol-gel-derived Mater 
ials and Bioactive Glass. Thesis, University of Turku, Turku, Finland, 2000) 0 
[ 0 0 3 9 ] 10 
Ilfflli (c. p. ) Ti («S 2).*, IftMSUTSffltS. Ti*£{fcWJR« 
Tl < = «IRWK A¥rJS6&x r- 5 -f V fu MA/ * ;l/ h * * - h Ti ((CH 3 ) 2 
CHO) ,$ft(ifh7i?-;l/t;H->n-h*, £S7j<x£y-;M;:7§p-fS ( » * I 
) „ ifl/y^'Ja-^ t/x?iH-r;l/ (C 2 H 5 OCH 2 CH 2 OH) , 

, *± cfMttK (hc u 37%) *fc(*im*x*/-;nc»iwr* i i) . 

% tttctbK 0 °C\zmft? %><> '/^ttli-n-f-oy/P-b^OHttOtClitS 

o 

[ 0 0 4 0 ] 

lH#IH£;fctt2 4B#IHI©JRj*©©-5, ffl «l f± x T HftS'/^KiJilS*, Ol/^T'O. 20 
3 0mm/sOjlIf-?lf ±(f5ct(Cj:^T^I!?n*. SSIfttt, 1 0 # IHK M 
a (2 o~5 0 or) Jti5„ MM. MtifiT-fer-ytfT-s^, Ol^TX*y- 

;Kf t?« 6»c 5 »ini©a»»jaaK± t)*»«n» *»»fcjsiH©iiS-eft*£ns. c 
oil, m , & £ t>* #t # © -tt ^ ;Mi , a^Li/>SfflJi©^ti:fe#LT, & g k js i; fc b 

t> £2 nSo ME^B, *«f»ffl»4iK:RW*n5-p»55il»l» ttfc (mineral! 
sing) U< fiK«»J (fcfc*tf, t»ffitti)7X, '/;l/-y;^iat)iSJtiftt 
55 y * ) , figfiH?, KM, m&m. MMi&mm (flow enhancing) , &* fe L < tt 

7n-k*©HK T i 0 2 45j;tf S i 0 2 , /;I/'t'©SttS!l©iifi», ^SS:*;lT-g5 0 
[ 0 0 4 1 ] 30 
ttBfett, tc £ ^IfWTOJ: 3 K, ^aiJSi*J:tf/SfcttTiS*ffl^T4»«(ttStl5 
W £ ftfi 3" 5 C i: t> T # 5 (Jokinen, Mika: Bioceramics by Sol-gel Method, Processi 
ng and Properties of Monoliths, Films and Fibers. Thesis, Abo Akademi Universit 
y, Turku, Finland, 1999) o 
[ 0 0 4 2 ] 

S i S a „ *<Kf*«*ttfcfc^T, Tc £ * IS , 4 ft g 14 * 5 X £ fe it y )]/ - y ;l/ }£ ic £ 9 
HS£ tlfc S i 0 2 &£©pIrg14S i 0 2 S«T-^S o T i8ifrSfttt*'jv-4Hoi 

s i»*^W"r«»S'fKxnsi:, ^cT'jgj^s i o 2 g*nt, s{*se±£i& 
% E<D&mfcMT^ zmm, %tcte&m<D p HKmmitz ntz®m ( ? h 7 . 2-7. 4 40 

«ffl»{*#» a rt/ 2/ •> z» J: tf'j y®.4 *y*$mL 

*^atf}S« ( p H 7 . 2-7. 4 ) T'ffUnSI^, $ fc« fc KDfJ/7/<>4" r-J£ 

5 s *» © a (1. o~2. oxsbf (sacitJiuft^t^si) & £ > tc^-rci: 
ft'tts. fcsiMt, u--«f-fiEti5*ffl^T, E«t§*©iEiiitcj*^$nfcgi5 

SHcftiSlT-t So 
[ 0 0 4 3 ] 

c o 2 u-if-a, 2 h ;i/©*fl.8«*K 10. 6|im?ffit5. aasit, 50 
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-y;l/ftKJ:!)H8Sftfef->-7Sftl4i"Jiy/HLj:9T»iRSti5. m&fcte. JD 
Br«fcJ»3 n5©*t^ *3 , MSftililjRWtcffilTf « * ft J: t> |B]-©«?a$l<Dg£ 

^efb©Sfi(±> JSSJfc ?n -tr f > * - * fc i: * if if- * > U-lf-e- 

t «y an T* t 3 o 

[ 0 0 4 4 ] 

©WJg©«#©#*3-h , rS<:fc#Rll!iTfc'5o c. p. Ti (fli2) Ol mm©f 10 

ft* 0 &s«3:i\ in«niF't'-ejttffla«n» -t©o-6* 6e» mmWK c o 2 b--f-T* 

(2r3<Z>3mmU-:<') T* M £ ft 3 0 ffi ffl T t 5 ^ 7 - IE 9 tt , 1 2-2 0WT65. 

z^omm? zu-*r-x** j yvmvmmis. 1 oo /tmcsitf s D 

fi tt 2. 5mm/st^0i5. 
[ 0 0 4 5 ] 

a&ai^tt, s i o 2 -t75 v tit. *tt«iTT. «ic»Biiftfcra*e*i)i-r4tt-&#fl 

[ 0 0 4 6 ] 

l)£ll«ti. ffl«*»fc1Kiia»Httfc*»A-r 5 c £ . 3: fc (4HB i: 2 ftTi/^ SfBSUffl 20 
«±0^ii (anatomic structures) *Slt5ft»KS*l*ffl*9it5: t*64 

*• 

[ 0 0 4 7 ] 

*«WO^ffiK:±oTJfi*Rllll«:»*Jffl«±©«iSi: LTtt, ±««, T«#. ®v t§« 
, #©*Pfe, 5, A, lit, MSB, fc5>tf££T, tf&ftoMfii: fc«H£ 

<o ft ffi it # if e> ft s a*, <: n 6 e m is <* n 5 & © t* a & v> . 

[ 0 0 4 8 ] 

*8WKl3tt5j?SL^T i 0 2 feJ:tf S i 0 2 «S«», ( a ) !/;l/-y;HKH»*><, /h 30 
«**:3-hT**W^JiTft«T**ci:; (b) £f*Sttj«3\ fcfc*.tf*»L fiKft 
l?5SIIftCiiotff § c £ ; (c) 8H»ff£?Ltt<Dasi*$«J:tf«jIlc3IJlT*5 
c i:> fcS-^TaiRSft*,, 

[ 0 0 4 9 ] 

[HM i ] 

[ 0 0 5 0 ] 

immm z 1 

[ 0 0 51] 

«»B, S[ SS $1 1 t^SfSSo 
[HSS0J 3 ] 
[ 0 0 5 2 ] 

WatJrOit (external fracture fixation) © fc 46 K ft ffl « ft § H £ tf > £ ®S % £ 50 
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[USSflJ 103 
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[ 0 ffi <D ffi ¥ 4 itt i» 3 
[ 0 0 6 1 3 
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rz^mmmmcom^mm^mnm. (tem) mz*?* i tern mzntzm 
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adhesion nodules) a, 3-h«tlftT i Sffi±T*fiLfefflfilCfil>Tiiot DISC 40 
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[033 T i O r 3-h?nftc. p. T I «IKfttLftftT«tiOT EM«*wf 

[B 4 3 7 7HSTaiCfe»J5»fi , 57BiO. T i 0 2 -y;l/3- h ?nfc c . p 
. T i -r Y ^*±©*ltS ! lBBS*itf n^-y^JK (collagen bundles) *it. JlfflBStt 

[B53 B5 aftitf 5 btt 4 7 7 h K * ST^« 8 B T i O 2 - -7* /I/ 3 

-hJtlftc. p. Tir^X*(5a)£J:tf2E:J-hx^X*(5b)©iimft©SI 

aa«*.st, tteMtt. «Js^i«»iftLi?T i o 2 -y;i/3-hsnfcT i so 
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METHOD FOR IMPROVEMENT OF SOFT TISSUE ATTACHMENT AND 
IMPLANTS MAKING USE OF SAID METHOD 



FIELD OF INVENTION 

The present invention relates to a method for improving soft tissue attachment using 
5 a coating as well as implants making use of said method. 



BACKGROUND OF THE INVENTION 

Several surface treatments have been developed in order to improve bone bonding 
of different biomaterials. In experimental animals hydroxyapatite (HA) coatings 
have been found to improve and speed up the formation of bone bonding. 
10 Therefore, the goal of most surface treatments has been to create HA on. the 
materials' surfaces. 

Firm bond between the implanted biomaterial and the surrounding soft tissue is, in 
many cases, far more important than improved bone bonding. A connective tissue 
capsule normally forms around the implanted materials within a few days. 

IS Thickness of the capsule varies depending on the material in question and the stage 
of healing. Epithelial lining separates all the implanted devices that penetrate skin or 
mucosa from the soft tissue components that are anatomically normal to the tissues 
in that area. A direct bond between the implant and soft tissues would be beneficial 
for several medical devices (e.g. dental implants, canyls, stents, external fixation 

20 pins). Until now no methods have been developed that can guarantee firm and safe 
integration between an implant and the soft tissues. 
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OBJECT AND SUMMARY OF THE INVENTION 

One object of the present invention is to provide a method for improving soft tissue 
attachment 

Another object of the present invention is to provide an implant with improved soft 
5 tissue attachment 

A third object of the present invention is to provide a new use, i.e. use for improved 
soft tissue attachment of a porous coating rich in TiOa and/or SiOr 

Thus according to one aspect the invention concerns a method for improving soft 
tissue attachment comprising the steps of 
10 - coating a surface of a material, to which surface soft tissue is to be attached, 
with a coating rich in Ti02 and/or SiO* and 
applying said coating wherein soft tissue attachment is desired. 

According to another aspect the invention concerns an implant wherein a surface or 
surfaces of said implant intended to be attached to soft tissue are coated with a 
15 porous coating rich in TiOj and/or SiOj. 

According to a third aspect the invention concerns the use of a porous surface 
coating rich in Ti0 2 , SiO* or Ti02 and SiO* for the manufacture of an implant for 
soft tissue attachment to said coating. 

BRIEF DESCRIPTION OF THE FIGURES 

20 Figure 1 shows a fibroblast proliferation curve after seeding cells on a TiOj coated 
and non-coated commercially pure (c.p.) Ti surface. OH proliferation is 
significantly higher on the coated Ti surface already after three days when 
compared to c.p. Ti. 
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Figure 2 shows a transmission electron microscope (TEM) image of fibroblasts 
seeded on a TiOs coated and non-coated c.p. Ti surface. Cells seeded on coated Ti 
show more flattened morphology compared to cells on c.p. Ti indicating good 
bonding between the cell membrane and coated Ti surface. Focal adhesion nodules 
5 can clearly be seen (black arrows) in cells grown on coated Ti surface. 

Figure 3 shows a TEM image of subcutaneous soft tissue cells attached on a TiOi 
coated c.p. Ti surface. The coating remains attached on tissue surface after 
removing the implant No capsule formation can be seen. 

Figure 4 shows fibroblasts and collagen bundles on a TiOa-gel coated c.p. Ti disc 
10 after 7 days of implantation in rat subcutaneous surrounding. The extracellular 
matrix is firmly attached on TiOj coated surface. 

Figure 5a and 5b show routine light microscopy images of a Ti0 2 -gel coated c.p. Ti 
disk (5a) and an non-coated disc (5b) after 8 days of subcutaneous implantation in 
rat. Soft tissue is firmly attached to a TiOrgel coated Ti surface without an 
15 intervening connective tissue capsule. Capsule formation is clearly seen on c.p. 
Ti surface. 

DETAILED DESCRIPTION OF THE INVENTION 

"Biomedical application" in the context of this application is meant to be 
understood in a broad context Thus bom in vivo and in vitro applications are 
20 included. 

The term "soft tissue" refers to all mammalian tissues except mineralizing hard 
tissues. Soft tissues include e.g. subcutaneous and cutaneous connective tissue, 
musculoskeletal connective tissues, muscle, epithelia, mucosa and nerve tissue. 
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"Soft tissue attachment" refers in the context of this application to good bonding 
. between coated material and surrounding soft tissues without an intervening 
connective tissue capsule. 

Reference to "a coating rich in TiOj and/or SiCV means thai an essential part of the 
5 coating is TiOj and/or Si0 2 . Typically more than 50 wt-% of the composition of the 
coating is T1O2 and/or Si02 . Preferably more than 70 wt-% of the composition of 
the coating is T1O2 and/or SiOj and most preferably more man 90 wt-%. 

The term "implant" in the contest of this application refers to any device that is 
meant to at least partially be inserted into a mammal including humans for a period 
10 lasting at least long enough for soft tissue attachment to take place. 

The term "biocompatible" means compatible with the other ingredients of the 
coated material and not deleterious to the recipient thereof. 

The term "tissue defect" refers to any site or locus being deficient in soft tissue 
components anatomically normal to the site of the body of said mammal. 

15 The present invention provides a method for improving soft tissue attachment 
comprising the steps of coating a surface of a material, to which surface soft tissue 
is to be attached, with a coating rich in TiCh and/or S1O2 (or other metallic oxide, 
e.g. Ta02 or Zr0 2 ), and applying said coating wherein soft tissue attachment is 
desired. Highly preferable, if not essential, to the invention is that the coating is 

20 porous. Typically the coating comprises pores with a diameter and/or depth of less 
than 50 nm. Preferably an essential part of the pores of the coating consist of pores 
having a diameter of 2 to 50 nm and a depth of at least 1 nm. The material to be 
coated is typically selected from the group consisting of titanium, nitinol, ceramic 
and polymer material and any combination thereof. 



25 The method preferably comprises the steps of 
a) preparing a TiOj, S1O2 or TiOrSiOj sol; 
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b) aging said sol; 

c) contacting a surface to which soft tissue is to be attached with said sol which 
sol has been prepared in step a) and aged in step b) wherein said contacting is 
optionally carried out by dipping said surface into said sol; 

5 d) withdrawing said surface from said sol at a predetermined speed to obtain a 
coated surface if said contacting of step c) has been carried out by dipping said 
surface into said sol; 

e) optionally heal treating the coated surface for a predetermined time; 
0 optionally cleaning the coated surface; 
10 g) optionally drying the coated surface; 

h) repeating at (east steps c) and d), but optionally also any of steps a) to g), a 
number of times to obtain the desired number of layers of coating if more than one 
layer of coating is desired; and 

j) applying said surface where soft tissue attachment is desired. 

1 5 The sol can be a T1O3 sol, a Si0 2 sol and/or a TiCVSiC^ sol. The preparation of the 
sol typically comprises the steps of (i) dissolving tetraisopropyl orthotitanate 
Ti((CH 3 ) 2 CHO) 4 and/or tctraethylorthosilicate in ethanol; (ii) dissolving 
ethyleneglycol monoethylether (C 2 H50CH 2 CH 2 OH), deionised water, and 
hydrochloric acid or nitric acid in ethanol; (iii) mixing solutions obtained in step (i) 

20 and (ii) and optionally stirring said mixture efficiently. 

The sol is typically at a chilled temperature of -10 to +20 °C, preferably -5 to +5 °C 
and most preferably -2 to +2 *C during step c). The sol prepared in step a) is aged in 
step b) for 1 min to 10 days, preferably for 1 to 48 hours. The surface can be 
contacted with the sol by dipping it into the sol in step c) and it is typically 
25 withdrawn in step d) from the sol at a speed of 0.01 mm/s to 10 mm/s, preferably at 
a speed of 0.1 mm/s to 1.0 mm/s. Contacting of the surface with the sol can 
alternatively be carried out by other means such as spraying or condensing. 
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The surface is typically heat treated in step e) at a temperature of 20 to 630 °C, Heat 
treatment is preferably carried out at a temperature of 30 to 45 *C if e.g. the coating 
additionally comprises heat labile components such as bioactive agents. Heat 
treatment can also be carried out at higher temperatures depending on the thermal 
5 properties of the coated material Temperature ranges preferable for some materials 
are 90 to 160 °C and 250 to 630 6 C. The duration of the heat treatment can vary. 
The heat treatment in step e) is typically carried out for 0.1 s to 10 d, preferably for 
1 5 to lOh and most preferably for 1 min to 1 h. The higher the heat treatment 
temperature the less likely a long heat treatment would be preferable. 

10 The coating or coatings obtained are typically cleaned in step f) and preferably 
cleaning is carried out ultrasonically. 

Alternatively a preferred method for preparing a coating for improved soft tissue 
attachment according to the invention comprises the steps of 
a) preparing a simulated body fluid ; 
15 b) adding a dissolving Si-source and/or Ti-source to the simulated body fluid 
prepared in step a); 

c) contacting a surface to which soft tissue is to be attached with the mixture 
obtained in step b) wherein said contacting is optionally carried out by dipping said 
surface into said mixture; 
20 d) letting dissolving SiOj-based and/or TiOrbased material form a coating as it is 
adsorbed and/or reprecipitated onto the surface of said material; and 
e) applying said surface wherein soft tissue attachment is desired. 

A typical Si-source is bioactive glass or sol-gel derived SiOj. The simulated body 
fluid of step a) is a solution that mimics the body fluid or a solution buffered to 
25 body fluid pa i.e. pH 7.2-7.4. 

A preferrable simulated body fluid (SBF) is prepared by dissolving reagent 
chemicals of NaCl NaHCO* KC1, K 2 HP0 4 • 3H a O, MgCl 2 6H 2 0. CaCl 2 • 2H z O 
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and Na2S0 4 into deionised water. The fluid is buffered at physiological pH 7.40 at 
37 *C with tris(hydroxymeftyl)aminomethane and hydracloric acid. The resulting 
liquid emulates the inorganic composition of the body fluid providing the ion 
concentrations as follows: 142.0 mM Na*. 5.0 mM K + , 1.5 mM Mg 2 \ 2.5 mM Ca 2 *. 
5 147.8 mM CI", 4.2 mM HCOj", 1 .0 mM HP0 4 *~ and 0.5 mM SO* 2 ". 

The consistence of a simulated body fluid can slightly vary. It can e.g. comprise 
1.0-1.5 mM of Mg 2 *, 1.6-2.5 mM of Ca 2 *. 103-147.8 mM of CT and/or 42- 
27mMofHC03 - . 

The present invention further provides an implant wherein a surface or surfaces of 
10 said implant intended to be attached to soft tissue are coated with a coating rich in 
TiOj and/or SiO?. The coating is typically porous comprising pores with a diameter 
of less than 50 nm and preferably an essential pan of the pores of the coating 
consists of pores having a diameter of 2 to 50 nm and a depth of at least 1 nm. The 
material of the implant to be coated typically is titanium, tantalum, zirconium, 
15 nitinol, ceramic and polymer material or any combination thereof. 

The coating of the implant is obtainable using a method comprising the steps of 

a) preparing a TiO* SiOi or TiCVSiOi sol; 

b) optionally aging said sol ; 

c) contacting a surface to which soft tissue is to be attached with said sol which 
20 sol has been prepared in step a) and aged in step b) wherein said contacting is 

optionally carried out by dipping said surface into said sol; 

d) withdrawing said surface from said sol at a predetermined speed to obtain a 
coated surface if said contacting of step c) has been carried out by dipping said 
surface into said sol; 

25 e) optionally heat treating the coated surface for a predetermined time; 

f) optionally cleaning the coated surface; 

g) optionally drying the coated surface; and 
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h) repeating at least steps c) and d), but optionally also any of steps a) to g), a 
number of times to obtain the desired number of layers of coating if more than one 
layer of coating is desired. 

Alternatively the coating is obtainable using a method comprising the steps of 
5 a) preparing a simulated body fluid; 

b) adding a dissolving Si-source to the simulated body fluid prepared in step a); 

c) contacting a surface to which soft tissue is to be attached with the mixture 
obtained in step b) wherein said contacting is optionally carried out by dipping said 
surface into said mixture; and 

10 d) letting the dissolving S id-based material form a coating as it is adsorbed 
and/or reprecipitated onto the surface of said material. 

Other typical, preferred or most preferred features of the surface coating of the 
implant are the same as those defined above for the method if applicable for the 
surface coating of the implant. 

15 The present invention additionally provides use of a surface coating rich in TiOj, 
Si0 2 , or T1O2 and SiC^, for the manufacture of an implant for soft tissue attachment 
to said coating. The coating is typically porous comprising pores with a diameter of 
less than SO nm and preferably an essential part of the pores of the coating consist 
of pores having a diameter of 2 to SO nm and a depth of at least 1 nm. The material 

20 of the implant to be coated typically is titanium, nitinol, ceramic and polymer 
material or any combination thereof. 

Other typical, preferred or most preferred features of the surface coating to be used 
are the same as defined above for the method and/or implant coating if applicable 
for the use. 

25 The present invention thus relates to surface treatment of a material, e.g. metal, 
ceramic or polymer material, that permits soft tissue attachment via TiOi and/or 
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Si0 2 rich coatings. OH" groups of TiOj and/or SiOj coatings promote, eg. by 
binding fibronectin glycoprotein, mammal connective tissue cell (fibroblasts) 
chemotaxis, migration, and adhesion oo the material surfaces. In percutaneous 
devices this facilitates direct attachment of fibroblast- like cells on SiOH or TiOH 
5 coated surfaces preventing epithelial cells from proliferating between the soft tissue 
components and the implanted material. In subcutaneous devices soft tissues attach 
on the coated material surfaces without an intervening connective tissue capsule. 
Alternatively a coating or coatings can promote the attachment of epithelial layers 
of organs and endothelium and reepithelization of skin wounds. Coatings can be 
10 used to conduct nerve regeneration. 

A sol-gel dip-coating method is one way to create uniform multi-layer bioactive 
coatings on the surface of the implants. By this method inorganic oxide ceramics 
can be prepared from colloidal and polymeric sols. It gives the flexibility to control 
different properties of the resulting ceramics, like composition, surface area, 
15 porosity, adsorption capacity, dissolution rate, etc. Different sol-gel-derived titania 
and silica coatings can be prepared by changing the composition and using different 
aging time for sols, changing heat-treatment temperature and number of coating 
layers. Furthermore, the surface properties (OH-groups, nanoscale topography and 
crystallinity) can be changed locally with the help of laser treatment. 

20 The present invention also concerns the use of said coating methods in products 
intended for treatment of defects of soft tissue, e.g. maxilla, mandible, tooth, root 
canal, ear, nose, skull, joints, defects in bone and subcutaneous and intradermal soft 
tissue, e.g. of coatings of implants, external fixation pins, tissue guiding membranes 
bone augmentation materials, canyls for penetrating skin, stents, vascular implants, 

25 valves and breast implants. 



The present invention further concerns in vitro applications, such as the use of 
coatings according to the invention for coating surfaces used for soft tissue animal 
cell cultures or for coatings of tissue engineering devices. 
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The present invention provides a biologically acceptable method, i.e. a sol-gel 
derived T1O2 or S1O3 coating, thai can be made on material (e.g. on metal, polymer, 
ceramic) surface, which material is implanted into a mammal including humans. 
Preferably said materials are dipped into TiOj or S1O2 sol. Different tiiania and 
S silica coalings can be prepared by changing the composition and using different 
aging time for sols, changing heat-treatment temperature and number of coating 
layers. 

A coating according to the invention can e.g. be prepared as follows (Peltola, Timo: 
Nanoscale Dimensions and In Vitro Calcium Phosphate Formation: Studies on Sol- 
10 gel-derived Materials and Btoactive Glass. Thesis, University of Turku. Turku, 
Finland, 2000): 

Commercially pure (c.p.) Ti (grade 2) is used as a substrate material. Ti is ground 
with silicon carbide paper. Commercially available tetraisopropy) orthouianale 
Ti((CH 3 >:CHO)4 or tetraethylorthosilicate is dissolved in absolute ethanol 
IS (solution I). Ethyleneglycol monoethylether (C2HSOCH2CH2OH), deionised water, 
and fuming hydrochloric acid (HC1. 37%) or nitric acid is dissolved in ethanol 
(solution II). Solutions I and II are mixed and efficiently stirred. The ready-made sol 
is kept at 0 °C in order to slow down the condensation reaction. The sol is kept at 
0 e C during the dip-coating process. 

20 After 1 hour or 24 hours of aging, the coating is prepared by clipping the Ti 
substrate into the sol and men withdrawing it at the speed of 0.30 mm/s. The coated 
substrates are heat-treated (20-500 °C) for 10 min. After heat-treatment, coatings 
are cleaned ultrasonically in acetone for 5 min and in ethanol for another 5 min. and 
finally dried at ambient temperature. This dipping, heating and washing cycle is 

25 repeated as many times as needed, depending on the number of desired coating 
layers. Said sol can optionally contain one or more active or inactive agents such as 
drugs, mineralising or antimicrobial agents (e.g. btoactive glass, sol-gel derived 
ceramics), growth factors, preservatives, colouring, flow enhancing, bonding or 
suspension enhancing agents that will be derived into the final coating. The 
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concentration of the active agents within T1O3 and SiO} sol remain homogenous 
during the dipping procedure. 

Coatings can also be made biomimetically using an external Si and/or Ti-source e.g. 
as follows (Jokinen, Mika: Bioceramics by Sol-gel Method, Processing and 
5 Properties of Monoliths, Films and Fibers. Thesis, Abo Akademi University, Turku, 
Finland, 1999): 

Si-sources are in simulated body fluid conditions soluble SiCVbased materials, such 
as bioactive glasses or sol-gel derived SiOj. A substrate, such as a Ti-implant or a 
polymer, is put into a solution containing the Si-source, where the dissolving 

10 SiCvbased material forms a coating as it is adsorbed and/or leprecipitated onto the 
substrate surface. The solution is preferably a solution that mimics body fluid, such 
as SBF or to body fluid pH buffered (pH 7.2-7.4) solutions. The formed coating is 
able to nucleate hydroxyapatite directly from the same solution as long as the 
solution contains calcium and phosphate ions (as is the case when using SBF)- If the 

15 coated substrate has been prepared in buffered solutions (pH 7.2-7.4) that do not 
contain calcium and phosphate ions or if one desires to enhance the hydroxyapatite 
formation, the coated substrate can be further moved into another liquid, which 
contains calcium phosphate ions [such as 1.0-2.0 x SBF (ion concentrations 
multiplied with the coefficient)]. Alternatively, the coatings can be produced on 

20 precisely determined areas of the medical devices using laser technique. 

COj laser operates in the infrared part of the spectra at 10.6 urn. Radiation is 
absorbed by sol-gel-derived titania or silica gels. The substrate is only heated 
locally and the coating can be processed selectively, which allows different areas of 
the same coating to have different properties. It is possible to control the degree of 
25 densification of sol-gel-derived coatings by choosing adequate processing 
parameters like laser power, laser beam transition speed and the size of the spot of 
the focused laser beam. 
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By using a computer -controlled motion stage during processing it is possible to 
produce patterned coalings on medical implants, to coat only certain areas of an 
implant, as required by some clinical applications. 1 mm thick sheet of c.p. Ti 
(grade 2) is often used as substrate material. Ti substrate plates are dipped into the 
S sol. Each layer is first heat-treated in a furnace, and thereafter further locally treated 
with COr Laser (two 3 mm lanes). Power ranges that can be used are 12-20 W. 
Distance between two neighboring laser scan lines can be kept at 100 urn. Motion 
speed can be 2.5 mm/s. 

Alternatively SiOj ceramics can be mixed into polymeric materials that in aqueous 
10 environment form Si rich surfaces on the composite materials mat function 
comparably to the coatings described above. 

The coatings can be applied on biomaterials used in reconstruction or augmentation 
of soft tissue structures in a patient in need thereof comprising inserting the coated 
material into tissue defects or implanting it to cover the anatomic structure in 
15 question. The coated materials can either be resorbable or non-rcsorbable. 

Anatomic structures treatable according to the method of this invention include, but 
are not limited to, maxilla, mandible, tooth, root of a tooth, defects in bone, ear, 
nose, skull, joints, subcutaneous, percutaneous and intradermal soft tissues or 
dermal soft tissue. 

20 Preferred Ti02 and S1O2 coatings in the present invention were selected on the basis 
that: (a) sol-gel coatings can be made in thin layers which makes it possible to coat 
small devices; (b) btoactive components, e.g. drugs, growth factors, can be added in 
the coatings; (c) coatings can be applied on porous surfaces and structures. 

The following examples are offered as illustrations of the present invention and are 
25 not to be constructed as limitations thereof. 
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Example 1 

TiOj coatings are made on percutaneous dental implant abutments as described 
above. After a sufficient healing period submerged implants are exposed, their 
cover screws are removed and T1O3 coated Ti abutments are connected to the 
5 osseointe grated implants. During soft tissue wound healing connective tissue 
components attach directly on the coated Ti surface thus preventing the formation 
of epithelial lining between the implant and surrounding soft tissue components. 

Example 2 

Like example 1 but the coating is applied on the upper portion of a one-stage 
1 0 implant that will be connected directly in the oral cavity without submerging period. 

Example 3 

like in example 1 but the coating is applied on a fixation pin used for external 
fracture fixation. 

Example 4 

IS Like in example 1 but the coating is applied on a percutaneous plastic stent 



Example 5 

Like examples 1 to 4 but Si0 2 or I1O2 coating is applied on the subgingival portion 
of a polymer, ceramic or metallic crown of a tooth. 

Example 6 

20 Like examples 1 to 4 except that the coating is applied on a vascular stent 
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Example 7 

Like examples 1 to 4 except that the coating is applied on a heart valve implant 
material. 

Example 8 

5 Like examples 1 to 4 except that the coating is applied on breast implant material. 
Example 9 

Like examples 1 to 4 but the coatings will be treated with COj laser in order to 
create tailor made bioactive zones on coated material surfaces 

Example 10 

10 Si02 coating is produced on a material surface by immersing the substrate in SBF 
solution in presence of an external Si ion containing ceramic material such as 
bioactive glass granules. 

It will be appreciated that the present invention can be incorporated in the form of a 
variety of embodiments, only a few of which arc disclosed herein. It will be 
15 apparent for the specialist in the field that other embodiments exist and do not 
depart from the spirit of the invention. Thus, the described embodiments are 
illustrative and should not be construed as restrictive. 
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CLAIMS 

1 . A method for improving soft tissue attachment comprising the steps of 
coating a surface of a materia], to which surface soft tissue is to be attached, 
with a coating rich in TiOj and/or SiC^, and 

5 - applying said coating wherein soft tissue attachment is desired. 

2. The method according to claim 1 characterized in that said coating is porous. 

3. The method according to claim 2 characterized in that said coating comprises 
pores with a diameter and/or depth of less than SO nra 

4. The method according to claim 3 characterized in that an essential part of the 
1 0 pores of the coating consist of pores having a diameter of 2 to 50 nm and a depth of 

at least 1 nm. 

5. The method according to any of claims 1 to 4 characterized in that the 
material to be coated is selected from the group consisting of titanium, nitinoU 
ceramic and polymer material and any combination thereof. 

IS 6. The method according to claim 1 or 5 characterized in that said coating is 
applied for in vitro attachment of soft tissue. 

7. The method according to claim 1 or S characterized in that said coating is 
applied for in vivo attachment of soft tissue. 

8. The method according to any of claims 1 to 7 characterized in that it 
20 comprises the steps of 

a) preparing a TiOj, SiCh. or TiOj-SiC^ sol; 

b) aging said sol; 
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c) contacting a surface to which soft tissue is to be attached with said sol which 
sol has been prepared in step a) and aged in step b) wherein said contacting is 
optionally carried out by dipping said surface into said sol; 

d) withdrawing said surface from said sol at a predetermined speed to obtain a 
5 coated surface if said contacting of step c) has been carried out by dipping said 

surface into said sol; 

e) optionally heat treating the coated surface for a predetermined time; 

f) optionally cleaning the coated surface; 

g) optionally drying the coated surface; 

10 h) repeating at least steps c) and d), but optionally also any of steps a) to g), a 
number of times to obtain the desired number of layers of coating if more than one 
layer of coating is desired; and 

j) applying said surface where soft tissue attachment is desired. 

9. The method of claim 8 characterized in that the sol is selected from the group 
15 consisting of TiOj sol, SiOj sol and TiOj-Si0 2 sol. 

10. The method of claim 8 characterized in that the preparation of the sol 
comprises the steps of 

i) dissolving tetraisopropyl orthotitanate Ti((CH3)2CHO)< and/or tetraethyl ortho- 
silica tc in ethanol, 

20 ii) dissolving cthyleneglyco! monoethylether (CjHsOCHjCHaOH), deionised 
water, and hydrochloric acid or nitric acid in ethanol. 

iii) mixing solutions obtained in step i) and ii) and optionally stirring said mixture 
efficiently. 

11. The method of any of claims 8 to 10 characterized in that the sol is at a 
25 chilled temperature of -10 to +20 °C, preferably -5 to +5 °C, most preferably -2 to 

+2 *C during step c). 
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12. The method of any of claims 8 to 1 1 characterized in that the sol prepared in 
step a) is aged in step b) for 1 rain to 10 days, preferably for 1 to 48 hours. 

13. The method of any of claims 8 to 12 characterized in that the surface is 
contacted with the sol by dipping it into the sol in step c) and withdrawn in step d) 

5 from the sol at a speed of 0.01 mm/s to 10 mm/s, preferably at a speed of 0.1 mm/s 
to 1.0 mm/s. 

14. The method of any of claims 8 to 13 characterized in that the surface is heat 
treated in step e) at a temperature of 20 to 630 °C, preferably at a temperature of 30 
to 45 °C. 90 to 160 °C or 250 to 630 °C. 

10 15. The method of any of claims 8 to 14 characterized in that the heat treatment 
in step e) is carried out for 0.1 s to 10 d, preferably 1 s to 10 h, most preferably 
1 min to 1 h. 

16. The method of any of claims 8 to 15 characterized in mat the coating or 
coatings are ultrasonically cleaned in step f). 

15 17. The method according to any of claims 1 to 7 characterized in that it 
comprises the steps of 

a) preparing a simulated body fluid; 

b) adding a dissolving Si-source and/or Ti-source to the simulated body fluid 
prepared in step a); 

20 c) contacting a surface to which soft tissue is to be attached with the mixture 
obtained in step b) wherein said contacting is optionally carried out by dipping said 
surface into said mixture; 

d) letting dissolving SiC^-based and/or TiOrbased material form a coating as it is 
adsorbed and/or reprecipitated onto the surface of said material; and 
25 e) applying said surface wherein soft tissue attachment is desired. 
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18. The method of claim 17 characterized in that the Si-source is bioactive glass 
or sol-gel derived SiOj. 

19. The method of claim 17 or 18 characterized in that the simulated body fluid 
of step a) is a solution that mimics the body fluid or a solution buffered to body 

5 fluid pa i e.pH 7.2-7.4. 

20. The method of any of claims 17 to 19 characterized in that the simulated 
body fluid is SBF comprising 1.0-1.5 mM of Mg 2 *. 1.6-2.5 mM of Ca 2 *, 103- 
147.8 mM of CP and 4.2-27 mM HCQf. 

21. An implant wherein a surface or surfaces of said implant intended to be 
10 attached to soft tissue are coated with a coating rich in TiOj and/or SiOj 

characterized in that said coating is porous. 

22. The implant according to claim 21 characterized in that said coating 
COTiprises pores with a diameter of less than 50 nm. 

23. The implant according to claim 22 characterized in that an essential part of 
15 the pores of the coating consist of pores having a diameter of 2 to 50 nm and a 

depth of at least 1 nm. 

24. The implant according to any of claims 21 to 23 characterized in that said 
coating is obtainable using a method comprising the steps of 

a) preparing a T1O2, Si02 or TiQrSiQj sol; 
20 b) optionally aging said sol; 

c) contacting a surface to which soft tissue is to be attached with said sol which 
sol has been prepared in step a) and aged in step b) wherein said contacting is 
optionally carried out by dipping said surface into said sol; 
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d) withdrawing said surface from said sol at a predetermined speed to obtain a 
coaled surface if said contacting of step c) has been carried out by dipping said 
surface into said sol; 

e) optionally heat treating the coated surface for a predetermined time; 
5 f) optionally cleaning the coated surface; 

g) optionally drying the coated surface; and 

h) repeating at least steps c) and d), but optionally also any of steps a) to g), a 
number of times to obtain the desired number of layers of coating if more than one 
layer of coating is desired. 

10 25. The implant according to any of claims 21 to 23 characterized in that said 
coating is obtainable using a method comprising the steps of 

a) preparing a simulated body fluid; 

b) adding a dissolving Si-source to the simulated body fluid prepared in step a); 

c) contacting a surface to which soft tissue is to be attached with the mixture 
1 5 obtained in step b) wherein said contacting is optionally carried out by dipping said 

surface into said mixture; and 

d) letting the dissolving SiOj-based material form a coating as it is adsorbed 
and/or reprecipitated onto the surface of said material, 

26. Use of a porous surface coating rich in Ti02, SiO* or TiOz and SiO* for the 
20 manufacture of an implant for soft tissue attachment to said coating. 

27. The use according to claim 26 characterized in that said coating comprises 
pores with a diameter of less than 50 nm. 

28. The use according to claim 27 characterized in that an essential part of the 
pores of the coating consist of pores having a diameter of 2 to 50 nm and a depth of 

25 at least 1 nm. 
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29. The use according to any of claims 26 to 28 characterized in that the material 
of the implant to be coated is selected from the group consisting of titanium, nitinol, 
ceramic and polymer material and any combination thereof. 

30. The use according to any of claims 26 to 29, characterized in that said coating 
5 i$ obtainable by a method comprising the steps of 

a) preparing a TiC^, SiOj or TiOj-SiOj sol; 

b) optionally aging said sol; 

c) contacting a surface to which soft tissue is to be attached with said sol 
which sol has been prepared in step a) and aged in step b) wherein said 

1 0 contacting is optionally carried out by dipping said surface into said sol; 

d) withdrawing said surface from said sol at a predetermined speed to obtain 
a coated surface if said contacting of step c) has been carried out by 
dipping said surface into said sol; 

e) optionally heat treating the coated surface for a predetermined time; 
1 5 f) optionally cleaning the coated surface; 

g) opti onally drying the coated surface; and 

h) repeating at least steps c) and d), but optionally also any of steps a) to g), 
a number of times to obtain the desired number of layers of coating if 
more than one layer of coating is desired; 

20 for the manufacture of an implant for soft tissue attachment to said coating. 

31. The use of claim 30 characterized in that the sol is selected from the group 
consisting of TiC>2 sol, SiCfe sol and TiCVSiOj sol. 

32. The use according to claim 30 or 31 characterized in that the preparation of 
the sol comprises the steps of 

25 i) dissolving tetraisopropyl orthotitanate Ti((CH 3 )2CHO)4 and/or tetraetbylortbo- 
stlicate in ethanol, 
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ii) dissolving eihyleneglycol monoethylcther (C2H $ OCHjCH 2 OH), deionised 
water, and hydrochloric acid or nitric acid in ethanol, 

iii) mixing solutions obtained In step i) and ii) and optionally stirring said mixture 
efficiently. 

5 33. The use according to any of claims 26 to 32 characterized in that the sol is at 
a chilled temperature of -10 to +20 °C, preferably -5 to +5 "C, most preferably -2 
to +2 °C during step c). 

34. The use according to any of claims 26 to 33 characterized in that the sol 
prepared in step a) is aged in step b) for 1 min to 10 days, preferably for 1 hour to 

10 48 hours. 

35. The use according to any of claims 26 to 34 characterized in that the surface 
is contacted with the sol by dipping it into the sol in step c) and withdrawn in step 
d) from the sol at a speed of 0.01 mm/s to lOmm/s, preferably at a speed of 
0.1 mm/s to 1.0 mm/s. 

IS 36. The use according to any of claims 26 to 35 characterized in that the surface 
is heat treated in stepe) at a temperature of 20 to 630 °C, preferably at a 
temperature of 30 to 45 °C, 90 to 160 °C or 250 to 630 °C. 

37. The use according to any of claims 26 to 36 characterized in that the heat 
treatment in step e) is carried out for 0.1 s to 10 d, preferably 1 s to 10 h, most 

20 preferably 1 min to 1 h. 

38. The use according to any of claims 26 to 37 characterized in that the coaling 
or coatings are ultrasonic ally cleaned in step f). 

39. The use of a surface coating according to any of claim 26 to 29, characterized 
in that said coating is obtainable by a method comprising the steps of 
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a) preparing a simulated body fluid; 

b) adding a dissolving Si-source and/or Ti- source to the simulated body 
fluid prepared in step a); 

c) contacting a surface to which soft tissue is to be attached with the mixture 



dipping said surface into said mixture; and 
d) letting the dissolving SiOrbased and/or TiOrbased material form a 
coating as it is adsorbed and/or reprecipitated onto the surface of said 
material. 

10 for the manufacture of an implant for soft tissue attachment to said coating. 

40. The use according to claim 39 characterized in that the Si-source is bioactive 
glass or sol-gel derived SiOi. 

41 . The use according to claim 39 or 40 characterized in that the simulated body 
fluid of step a) is a solution that mimics the body fluid or a solution buffered to 

15 body fluid pH, i.e. pH 7.2-7,4. 

42. The use according to any of claims 39 to 41 characterized in that the 
simulated body fluid is SBF comprising 1 .0- 1 .5 mM of Mg 1 *, 1 .6-2.5 mM of Ca 2 *, 
103-147.8 mM of CI" and 4.2-27 mM HCOf. 
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obtained in step b) wherein said contacting is optionally carried out by 
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